Abstract. An influence of electron transfer kinetics on square-wave voltammograms of two-step electrode reaction is investigated theoretically. A phenomenon of "kinetic burden" of potential inversion is described for the case of equal kinetic parameters. A linear relationship between standard rate constant and the difference between standard potentials of the second and the first charge transfers is demonstrated for the reactions with thermodynamically unstable intermediate. (doi: 10.5562/cca2126) 
INTRODUCTION
A voltammogram of reversible electrode reaction consisting of two electron transfers depends on the stability of intermediate. [1] [2] [3] [4] [5] [6] For electroreduction two peaks appear if the standard potential of the second electron transfer is more than hundred millivolts lower than the standard potential of the first electron transfer. [7] [8] [9] [10] Otherwise the response is a single peak. [11] [12] [13] [14] In electrochemistry of aromatic hydrocarbons the intermediate is usually stable, 15 but generally the potential inversion is also possible. 16 Thermodynamically unstable intermediate can be kinetically stabilized if the second charge transfer is slow. 17 Furthermore, the intermediate can be stabilized by the adsorption to the electrode surface, 18 or by the complexation. 19 If both electron transfers are kinetically controlled, the electrode reaction appears slower if the intermediate is less stable. This phenomenon has been termed the "kinetic burden" of potential inversion. 20 It is caused by the fact that the rate of electrode reaction is proportional to the concentration of intermediate. The latter is smaller if the potential inversion is higher. In this paper the manifestation of "kinetic burden" in square-wave voltammetry (SWV) is described.
THE MODEL
An electrode reaction that occurs through two consecutive steps is analyzed:
For the stationary, planar, semi-infinite diffusion, the following system of differential equations has to be solved:
Ox 1 0 0 : The square-wave starting potential E p
The peak potential
The peak potentials of the forward and backward components F The Faraday constant f
The square-wave frequency Φ The dimensionless current ΔΦ p
The dimensionless net peak current I
The current ΔI
The net square-wave voltammetric response
The forward and backward currents ΔI p
The net peak current
The standard rate constants of the first and the second electron transfer steps λ 1 , λ 2 The dimensionless kinetic parameters of the first and the second electrons R The gas constant S The electrode surface area t
The time x
The distance perpendicular to the electrode surface
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RESULTS AND DISCUSSION
Square-wave voltammogram of fast and reversible twostep electrode reaction depends on standard potentials of individual electron transfers and on the parameters of SWV excitation signal. If
 the response is a single peak appearing at the medium poten- Table  2 , for E SW = 50 mV and dE = -5 mV. They are diminished proportionally to the decreasing of the difference 
All these are characteristics of the response of irreversible electrode reaction. 22 Hence, Figure 1 is an example of "kinetic burden" of potential inversion in SWV.
Under equilibrium conditions, the stability of intermediate is the best estimated at the medium potential: The dependences of net peak currents and peak potentials on the logarithm of kinetic parameter 1 λ are shown in Figures 2 and 3 log λ = −0.519, which is also marked. For some quasireversible reactions, these critical parameters can be measured by the variation of frequency. Considering that α 1 = 0.5 and α 2 = 0.5, Figure 2B shows that for equal kinetic parameters ( 1
suggests that a single electron is transferred. This confirms earlier findings that the response of some two-step electrode reactions may resemble the response of one-electron reaction. 3, 8, 11 This phenomenon is a consequence of equal kinetic parameters 1 λ and 2 λ , and not of equal standard potentials , E E and the logarithm of frequency, one can determine the logarithm of critical frequency cross log f at which these lines intersect. This frequency is related to the standard rate constant as follows:
Equation (26) applies under the conditions used in this work, namely that both electron transfers are equally fast ( 2 1 λ λ  ), that 1 2 α α  = 0.5 and that E SW = 50 mV and dE = −5 mV. The first condition is most probably fulfilled if a single SWV net peak appears at all frequencies. This is because the SWV response of electrode reactions with thermodynamically unstable intermediate may split into two peaks at highest frequencies if the second electron transfer is much slower than the first one. 17 If the first charge transfer is slower than the λ λ  and all other parameters are as in Figure 1 . second one, the response may also split in two peaks because of the influence of the backward component. E E  = −0.1 V, the backward component of the first electron transfer is separated from the forward component of the second charge transfer (see Figure 5A ). The net response is a single peak appearing at the potential which is close to the potential of minimum of forward component. Minimum separation between peak potentials of components is p,b,1 p,f,2 E E  = 55 mV. This is shown in Figure 6A . Note that in Figure  2B this separation is only 5 mV. The slope of line 2 in Figure 6A is −0.113 V. If 0 0 2 1 E E  = −0.2 V the two steps are fully separated and the response consists of two peaks (see Figure 5B) . The relationships between all peak potentials and the logarithm of kinetic parameter 1 λ are shown in Figure 6B . 
CONCLUSIONS
In this paper we described square-wave voltammograms of a particular type of two-step electrode reactions in which the charge transfers were equally fast and sym- 
E E
− . The consequence is that the standard rate constants can not be estimated by the variation of frequency. However, our calculation shows that there is a linear relationship between the logarithm of standard rate constant and the difference in standard potentials, which is defined by equation (26).
